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The method of surveying in which distances are | 
determined from the space covered on arod by 
parallel wires in the transit is known to all engi- | 
neers, although few, comparatively, have given it | 

Coast Survey and the Lake Survey have | 
both used it. eae memento Be 0.5. Ee 
gineer Corps in their surveys for the improvement | 
of rivers and harbors. But its use in ordinary en-| 


cung Seer is limited. 
The f mring notes are offered in ed vocecy of a| 
broader field of usefulness for the stadia method: | 

We are concerned at present only with the prac- | 
tical portion of the subject. The following for- | 
mule by Prof. S. W. Robinson embody all of the 
corrections, and give results which are theoreti- 
cally accurate, or so nearly so that no error in prac- | 
tice can result from their use. The rod is supposed | 
to be _ vertically. 


H= oe sin. 2V +(e +f) sin. V (1) | 


| 


Rr’ 
PR oe tors cos.?’ V+ (e+ f) cos. V (2) 


- where 
R’ = any distance as read by the stadia. 
B= thel of a measured base. 
R= the ing of the stadia on that base. 
V = the angle of elevation or depression. 
¢ = the distance from center of object glass to | 
center of instrument. 
jf = the principal focal length of the objeet | 


ass. 
é H = the corrected height of the point sighted at | 
above the axis of revolution of the telescope. 
D = the horizontal distance of said point from | 


center of instrument. 


These formule may be placed under the follow- 


ing forms: 


, R’ i 
H=— Basin. 2 V— (c+) sin. rt —cos. v—1)() 
2R R 


R’ - Rr’ 
D= — V— (c+/f)cos. v( <con.v—1) 4. 


For a great deal of work, to which the stadia 
method is adapted, the whole of the later portion 


of these expressions may be neglected, giving the | 


— abbreviated wnsases: 
H=— B. sin. 3 V, and D = — C cos.2 V. 
2R R 


The value of (c + f) varies for different instru- 
ments. It may be assumed to be 1.4 ft. The en- 


gineer can, however, readily determine it for him- | 


self by measuring the distance from the object 
glass, when focused upon a distant object, to the 
adjusting screws of the diaphragm, and the dis- 
tance from the object glass to the center of the 
instrument. The first measurement gives the 
value of f, and the other that of c. Since R is 
generally made equal to B, the formule above 
reduce still further to 


R’ 
H= 7 sin. 2 V (5) and D = R cos.* V (6). 
It_is possible to do fair work upon ordinarily 



















—— that the instrument have a vertical 


To putin the extra spider hairs for sta- 
’ the diaphragm saust be tales : — out,and 
hairs on . Great care 
_ amcor. 


The hairs should be carefully spaced on the di- 
80 as to secure agent. Bm magna It is 










eck 
“> ) : 100 ft. :: 2 (in inches): 12 
. ; 


level with any engineers’ transit having 
ie Geel but for general work it is | 


a 
"© =—— = 0.12 x a = space in inches; Should one of the hairs break, the engineer can 
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The design for the graduation of the rod is . 8, Assistant Engineers, published in 


Casgrain, U 
| largely a matter of choice. Fig. 1, which is be- 1871 by the Engineer Department of the Govern- 


lieved to have originated with the U. 8S. Survey of ment, the correct distance and heightare obtained 
the Northern Lakes, is probably the best for gene- asin a traverse table, for values of the vertical 
Pp Fig. 2 shows a rod reading to feet, | angle V to minutes. 
which, owever, is only suited to short distances. ese tables are based upon formule (1) and (2), 
The ordinary method of determining the length the values of (c+f) cos. Vand (c+/) sin. V, appear- 


| of a 100-foot division on the rod is as follows: ing as additional corrections in separate columns. 


A loose line of 1,000 ft. is measured very care- In another book of “‘ Tables showing Difference of 
fully on level ground. Over one extremity of this- Level” “and for Horizontal Reductions,” by J. A. 
base the instrument is placed, and the rod is held Ockerson and Jared Teeple, assistant engineers, 
at the other. By the use of eer card-board U.S. Lake Survey, heights are given for each 10 
targets the space covered by the stadia hairs is meters stadia reading; and, for the intermediate 
determined. This is sub-divided into ten parts. meters, the additional elevation is obtained from 
The a is penciled on by using a stencil, and the common difference at the right of the page. 
the figures are afterwards painted black. Band This is Table I. 

R in the formule are thus made equal, and each is| Table II. supplements Table I. giving the means 
ual to 1,000 ft. of getting heights for greater readings than are 
n the foregoing only the stadia transit with given in Table I. 

fixed wires has been considered. For many rea-| Table III. starts “ to reduce reading on a slope 

sons an instrument with the wires adjustable is to | to horizontal distances” for each degree and 

minute from 2° to 11°. 

The following is the method suggested for 
graduating the rod in order to diminish the error 
due to (c+/): 

Measure -a base, marking the 100, 200, 300, and 
400 meter points. Set the transit over the zero 
point. Holi the rod at the first point marked, 
and determine the space covered by the wires 
(which are supposed to be fixed). This space is 
measured. Next hold at 200, determine the space 
on the rod, measure it as before, and so on for all 
points to the 400 meters. Then in the words of 
the book, ‘ it is best to distribute (c+/), which is 
small, among the several determined distances. 
Hence take for the length of each 100 meters space 
the mean of all the 100 meter spaces determined. 
That 1s to add together the length of the 100, 200, 
eic., spaces, and divide by the number of 100 
spaces determined. A little more weight should 

perhaps be given to the short distances as the 
targets are more distinct.” 

It would seem as though this method was equiv- 
| alent to graduating the rod upon a base shorter 
| than 400 meters in the way already described for 

an instrument with fixed wires, the error due to 
(ec + f) still obtaining. 

It will be observed, however, upon studying the 
formule, that this error is less the nearer the read- 
ing approaches the length of the measured base, 
and a short base may sometimes be better than a 
= one, if (¢ + f) be neglected. 

ith adjustable wires it is possible to select a 
be preferred. In fact, the advantages of such an length of base, ter or less, as we may expect 
instrument greatly outweigh the disadvantages, our readings to be greater or less. In other words, 
~— imaginary, which are attributed to it. | if a survey is to be made where the readings will 

e ordinary arrangement for making the ad- | be short, adjust upon a short base, and vice versa, 
justment is not a good one, and this may account | selecting for the length of base, as nearly as may 
| for the prejudice against movable wires. The} be,a mean of the expected readings. Since we 

' stadia hairs are not upon the a but are! can seldom predict either long or short distances 

| carried, one each, upon two separate slides moved | exclusively, but may have both very long and very 

| independently, each by a single screw. It is} short, this plan does not recommend itself for gen- 
thought that this arrangement will lose its adjust- | eral work. 

|ment easily, and serious error may result. The; The direct reading of the stadia rod for horizon- 

| writer has used an instrument in which one of the | tal distances on level ground and formule (5) and 

_ stadia wires is upon the main diaphragm and not | (6) for measurements on slopes are generally close 

| movahle separately, while the other is upon a dia-| enough. The tables are not popular on account of 

| phragm of its own, adjusted by loosening the | the labor which they entail. 

i or lower screw, as the case may require, The following — for graduating the rod al- 
and tightening that ———. This instrument | most obliterates the error in question, and does 
very rarely gets out of adjustment. | not materially increase the labor of working up 

Of the advantages of an adjustable diaphragm, | the notes, over and above that which is essential 
it is only necessary to mention at this point the to any application of this method. 

We assume, as is ordinarily done, B = R, and 

Fig 4 pa Pg the length of our measured base B to be 
: ' | infinite. From the formule (3) and (4), we have 
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R 
H = -— sin. 2 V+ (ec + f) sin. V. 
2 
D = R’cos.*V + (c + f) cos. V., 
which we propose to write 
C + (c+ *) 


ny 


sin. 2 V (7), assuming (c +f) 
(ec + f) sin. 2V. 


2 
| D = [R’ +(e + fl cos.* V (8); assuming (c + f) 
cos. V = (c + f) cos." V. 
, Upon a level (8) becomes D = RF’ + (¢c +f)=RF 


sin. V = 





tance 100 ft. Now, if X represent the distance | | a ben 

from the optical center of the object glass to the greater ease with which the rod and instrument ” R= D—1A, 

etal, when the instrument is fecused for are adapted to each other. Su; we then measure a base of 501.4 (rather 
. we 


‘ ppose 
The rod is at once laid off with the desired fig- | than 1001.4, as giving a more distinct view of the 
ae. | Make the instrument read 500 ft. exactly 
—— base, as already described for adjusta- 
wires or fixed, as the case may be. To each 


u 





100 himself put in another and adjust to the rod as at of the rod we have now to add 1.4 ft., a 
between stadia wires on first. 1s thee nes a fixed wires the rod must be mental operation which cen hardly be considered 
It be pain’ wr a trouble-| burdensome. We thus obtain the correct distance 


be read, formule (7) and (8), 


‘orm to equi to (5) and (6), should be 

Cs ons SS, maw net Be considered sufticiently uc- used. 
curate for some classes of work. For some other value eee ft., we 
Different plane have been suggested for obtain- will have to substitute this v for 1.4 in the 
ing mane seumale wae a ee ee i ‘aii uilicliaks eh es 
ic ecme Smnltred Noble. and W, T. been alresdy said, some work can be done with an 
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ordinary transit, we prefer to assume the use of 
a good stadia transit. This should have a clear 
telescope of comparatively large magnifying 
power (a very important feature of a stadia transit). 
a long bubble under the telescope, and a vertical 
arc of 60°, graduated to read 30° in elevation and 
30° in depression. The borizontal graduation should 
be adopted to measuring angles to the right or left 


of the work, and does the sketching. 

ment man reads the les and stadia distances, 
takes the levels, and keeps all of the notes of | 
his own work. 

Each stadia man has his axeman. In some 
country a brush hook is an excellent substitute | 
for an axe. One stadia man gives elevations along | 
the line as desi ed the assistant engineer, | 


cross-section paper is 
stretched upon a board. each division repre- 
sent ge de or 10 ft. or 100 ft., as conve- 
nient, from a center c, at one of the princi- 
divisions, describe a large arc, A, Fig. 4, and 
y it off into degrees, half degrees and quarter 
degrees. a piece of tracing vellum lay off 
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from 0 to 180°, and shouid also be numbered from 
0 to 860°. The stadia rod is supposed to be gradu- 
ated 1 ft. to 100 ft., and is consequently a self- 
reading level rod. 

The field party need not consist of more than 
two men, besides the observer, and often a single 
stadia man will beall that is required. Axemen 
and boatmen in addition will sometimes be de- 
manded by economy and the necessity for rapid 
work, 

In the surveying of rivers the stadia method is 
especially useful. The readings being mainly 
horizontal, no reduction of the notes by formule 
is necessary, if (c + f) be neglected. 

It is customary to run a chain line on one bank, 
or to triangulate, in order to obtain « base line for 
the survey. The stadia lines are closed upon 
points so fixed at convenient intervals. e 
method of carrying the azimuth is usually 
adopted, all angles referring to the true or mag- 
netic meridian. 

The topography of the banks and details are 
run in by taking bearings to points and stadia dis- 
tances, 

In carrying forward the line, clearing can be 
avoided where the width is not too great by cross- 
ing from side to side (see Fig. 3). 

a will ae oe — - ae ee of 
the met will depend largely upon the judg- 
ment of the pcos. ap and of the stadia run in the 


selection of points. 

If it be desired to read a distance greater than 
that corresponding with the length of the rod, or 
if a portion only of the rod can be seen, the dis- 
tance given by the upper wire and the center or 
original horizontal wire should be read, and then 
that of the center and the lower wires. The sumof 
these two readings will be the distance. Long 
distances, however, are undesireble. Sometimes 


ily, com bearings are sufficiently close. 
Let the transit at a Fig. 3 take the ing by the 
north end of the needle and the stadia distance to 
b. Now set up at c, take the bearing by the south 
end of the needle and the stadia distance to b, and 
read the north end of the needle and the distance 
tod. One rodman can be kept upon each bank, 
and only occasionally will the observer need to 
cross. The field notes are written as though the 
instrument had been set at every point. It is to 
facilitate this that the south end of the needle is 
recommended to be read from c to b. Intermediate 
readings are taken to give the shore line, sounding 
stakes and all the details. But for the space re- 
quired we could multiply the uses of the stadia 
instrument in hydrographical surveying. 
‘or contour lines and the capeameke of hill- 
sides, different plans suggest themselves. A num- 
ber of points may be located, and their heights de- 
termined, at each setting of the instrument, by 
reading the vertical angle as well as the bearing 
and distance, and the contours sketched by the 
eye upon the field sketch; or cross-sections may 
be made at suitable points, perhaps several at a 
setting, or a combination of both of these plans. 
The: line of collimation of the telescope should 
always be directed upon the same — of the rod 
for obtaining the vertical angle. If considerable 
accuracy is desired, the levels can be carried for- 
ward by the use of the bubble under the telescope, 
which should be carefully adjusted by the two-peg 
method. The stadia rod serves as a level rod. 

For irrigating ditches or pipe lines very excel- 
lent and economical preliminary surveys can be 
made with the stadia, the alignment, levels ard 
topography being obtained with a single instru- 
ment anda small party. If compass bearings will 
_— itis only necessary to set at every other 
angle. 

ith the vertical arc or the bubble it is easy to 
tit any grade to the ground. 

The writer once had occasion to run a trial line 
for an irrigating ditch of 14g miles. It was done 
with the stadia and a single man in about four 
hours. Running over the ground afterward with 
transit and level, the location differed very slightly 
from the preliminary line, and the levels checked 
within a few tenths. 

We touch upon the subject of surveys for rail- 
soads by the stadia with some hesitation, not be- 
cause we have any doubt as to the utility of the 
method, but because our experience in rai 
work is limited. Hoping that this admission will 
serve as an apology for possible blunders, we un- 
hesitatingly recommend stadia —oe for the 
preliminary line, including topography, and for 
— lines. 

e party may consist of an assistant * 
an instrument man, three stadia men od an three 
axemen. 


The assistant engineer takes general direction 


it is ee to survey a stream or a slough hast- | — 
an 


taking points wherever they may be required for an 
accurate profile. Another man gives cross- 
sections at proper intervals, by holding the rod at 
a succession of points on a line, as nearly as may 
be perpendicular to the line of the survey. The 
third takes up houses, fences and other details for 
ny pray Often the third stadia is superfluous. 
No. 1 can do his work, and two rods will erall 
keep the observer busy. No 2 workson the bac 
course, so that he can give back sight for both 
transit and level work. No 1 gives the foresights. 
The observer reads both the angle and distance to 
the new station. The latter he can check when 
he sights back upon No. 2. 

It will hardly be necessary to remind the reader 
that the stadia rod is supposed to be a self read- 
ing level rod, and that the bubble under the tele- 
scope enables us to take fairly accurate levels. 
The reading of the vertical angle will enable us to 
determine the heights of points which are too far 
above or below the level line at any setting to be 
determined in, the ordinary manner of leveling. 

When. No. 1 reaches the proper point, as de- 
termined from the length of the B.S., by a signal, 
the observer directs a turning point to be put in, 
which is done by the axeman, who also marks its 
position with a tall stake. en No. 2 reaches 
this, he olds upon it, the instrument being now 
at the next station, and the B. S. is read—also the 
distance. The observer has it in his power gener- 
ally to secure equal sights. Otherwise long sights 
must be corrected for curvature and refraction. 

The following form of field notes is suited to this 
class of work : 


FOR LEFT HAND PAGE, 


Bearing ( Ang) |Dintan 
ing (or e). ce, 

—| as read. 
Ver. A. | Ver. B. 


(or Bt.) |_(or Lt. 


Vertical 
angle. 


Sta. - Remarks. 


ited at. 


The stations, or points where the transit is set 
up, can be distinguished by the prefixing of a sym- 
bol or the abbreviation ‘‘Sta.” from the points 
whose tion and elevation alone we wish to ob- 
tain. e ‘*Stas.” should be numbered consecu- 
tively, and the ts may run 1, 2, 3, etc., for 
each ‘‘ Sta.” without other designation. 

With the method of ing the azimuth both 
veniers are read. The engineer ~— to read 
angles to the rt. and It., however. e record for 
either case can be made as indicated. Thedistance 
is the reading of the stadia; any corrections to be 
applied afterward. Angles of elevation and de- 
pression may be distinguished by prefixing + or — 
sign. Inthecolumn ‘“ Remarks,” the tsighted 
at should be described briefly, as, for example, 
** Fence corner,” ‘‘N. W. corner house,” ‘center 
wagon road,” “‘ for contours,” etc. 

pon the right-hand page we would have level 
notes in the ordinary form, keeping the F. 8. and 
B. 8. ~— the same line as that which the bear- 
ing and distance of the point occupy on the left- 


hand page. ; 
If there be a t many points required, the in- 
strument man should have a er. 

Two serious difficulties present themselves. 

If the ground be very densely wooded or covered 
with underbrush, it is difficult to read the rod. But 
the same difficulty exists to a greater or less extent 
in varrying any line over such ground. The stadia 
line can sometimes be made to pass through vistas 
or — clearings, and offsets made into the 
thicket, toward and across the line of the pro- 
posed road. It will be remembered in this connec- 
tion that it is not necessary to see the whole rod, 
except for a Jong distances. Two ard a half 
feet of the will enable us to read 500 ft. very 
nearly (exactly, if the upper and lower wires are 

y distant from the center wire). 

e other difficulty is the increased labor of cal- 
culating the excavation and embankment where 
the elevations are not taken at 100 ft. intervals. 
To this we say that we have all the data for a 
fajrly accurate profile, and, if this be properly pre- 
pared, we cannot see why, for preliminary work, 
the cuts and fills may not be taken from it mer 
and the cross stations from the contours. The ad- 
van jare these. The work is ali under theeye 
of the assistant engineer and is accomplished at 
one operation. e party is only about one-half 
as large, and we believe that with a littde practice 
the survey can be pushed quite as rapidly as by 
the ordinary method. The of avoiding 
obstacles, crossing streams, etc., are greatly sim- 
plified. For reducing that portion of the notes of 
any stadia survey, where the vertical angle has 
been read the tables mentioned may be used if 
they can be obtained, or the corrected distance 

height can be calculated by the formule. 

The following is a 


_ | nary 


Upon 
two Finn eon at right angles. The cloth 
should be enough to admit of a length, C D, 
equal to the maximum stadia reading, and D M 
ual to the radius of the arc, A. 

ow place the tracing cloth over the cross sec- 
tion paper, keeping C, the center of the arc, on 
the line CM; and, using the graduated arc 4A, 
make the angle MCB = Slip the cloth to the 
right or left along the line CM until CB = R.. 
Then CE = D and DE = H, which are read off 
mor on the profile paper. For 

CB = R’, and we have R’ cos. V = CD. 

CE = CD cos. V= R’ cos.*V = D. 


R’ sin. V = DB. - 
DE=DB cos. V=R' sin. V cos. V= = sin. 2 V=H. 


A straight-edge and triangle may be used in- 
stead of the vellum. 

For formule (7) and (8) the value of (¢ + f) must 
be added before using the diagram. 

The degree of accuracy attainable with the 
stadia depends largely upon the care with which 
the adjustments are made, and upon the manner 
in which the work is done. By the Lake £urve 
we have understood that a discrepancy not exceed- 
ing 1 in 400 for the horizontal measurement was 
admitted, while an ave error of only 1 in 600 
was the exhibit of some of the parties. 

Either is close enough for most work to which 
the method is adapted, and we know by experi- 
ence that with reasonable care and precaution the 
= ~— 1 = 600) can be agen 

e basis of comparison is su to be a 
chained line, which is itself liable’ to error. We 
do not believe that stadia aa is applicable 
where exact work is demanded, although great 
accuracy is often claimed for it. In very rough 
coun it is doubtless more accurate than ordi- 
ining, but it would seem best to assign it 
to that which should be its province, viz.: ap- 
proximate surveying, including preliminery sur- 
wae and examinations and the filling in of de- 
tails. For such work there is no better method, 
offering as it does a close approximation, secured 
with cheapness and rapidity. 


CORRESPONDENCE. 


CORRECTION. = 
New York, Jan. 28, 1882. 
EDITOR ENGINEERING NEws: 

In the article ‘‘The Metric System for Rail- 
roads,” page 28, please correct an error in the last 
cross-section of the field notes. Station 26 should 
be station 25 + 26; + 26 meaning the Hoot a 
chain. Respectfully, Ww. 

METRIC PROFILE PAPER. 
New York, Jan. 27, 1882. 
er ts. oe 
your issue an. 7,in a very interesting 
letter from Mr. Emile Low on the metric 
= ae railways, he says: ‘‘ For oe 
us usual profile paper is being , plate 
ae paper ruled to saltale velues being obtain 
ie.” 
As the New York t for J. W. Queen & Co., 
I would ge to a Ts 


er ao in — _ oo con- 
uous r, an , they ve 


<ene 1881, a continuous file 
paper in metric values. The divisions ane, beth 
vertical 


havi sides of five cen 
half centimeters, which are 


| Sividel by faint lines 1 to small of 
re Respectfully, oe 


of a half centimeter. y. 
G. 8. 


THE HISTORY AND STATISTICS OF AMERI- 
CAN WATER-WORKS. 


OOLMAN, 


BY J. JAMES R. CROES, M. AM. SO.C C. E. 
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10 ft. at top, which 


and 
and receives the drainage 


of 8 causes miles of mountainous anata, 


of the reservoir is 10,000,000 gal- 
above the village, to 


90,000 — 

The works cost $120,000. The receipts have been 
$60,000. There is a bonded debt of $60,000 bearing 
5 per cent. interest. The receipts in 1880 were 
$500.06. and the expenses, exclusive of interest, 

1,520.06. 


The works are managed by three water commis- 
sioners, one of whom is the superintendent. This 
position is now held by A. A. in. 


CLXXXIV.—CHICOPEE. 

Chicopee, Massachusetts, in lat. 42° 9’ N.. long. 
72° 87' W., is on the south bank of the Chicopee 
River at its junction with the Connecticut River, 
$3 miles N. W. of Springfield. The town is on 
a nearly level plateau of irregular outline and the 
sl which rise gradually from it to a more ele- 
vel sandy plain, the water falling on which feeds 
springs, the water of which was collected and 
carried in pipes to supply the town in 1845, after 
plans of Stockwell Bettes, of on 

The town was settled in 1636, and was sepa- 
rately incorporated in 1848, 

The present water-works were built in 1877 by 
a private eae, taking the supply from an im- 

nding reservoir on a brook north of the town, 
which is fed by springs issuing from the above- 
mentioned sandy plain. The reservoir covers 314 
acres, and contains 5,250,000 gallons, the water 
having an average depth of 6 ft. The dam is 150 
ft. long, 12 ft. high and 8 ft. wide on top, with 
earth of 244 to 1 on the water side and 1 
to 1 on the lower side. In the centre is a bric 
wall laid in cement and resting on a bed of quick- 
sand confined by two rows of 6-in. sheet piling 
driven 12-ft. below the base of the dam. The 
water surface is from 20 to 80 ft. above the town. 

The water is conveyed from the reservoir to the 
distribution pipes 4 an 8-in. ee ce- 
ment-lined pipe, 8 ft. long. At f a mile 
from the terminus of this conduit, a pipe from a 
— driven by a turbine wheel is connected with 

he distribution, and enables direct pressure to be 
applied for fire purposes. A check valve prevents 
back-flow into reservoir. 

Distribution ae cast-iron pipe for the most 
part. Some vitrified stoneware pipe has been 
aised. There are 12 miles of pipe in use, with 29 fire 
hydrants, 10 fire reservoirs and 675 taps. The town 
furnishes geese “ry $500 per annum for 
the use of the water. service pipe is used. 

The population in 1880 was about 7,000. The 
eonsumption is not given. 

The capital stock of the company is $50,000, the 
works have cost al her $63,369.36, and the 
gross receipts to October, 1881, were $23,645.68. The 
be in 1880 were $5,843.02, and the expenses 


W. C. McClannan is President and E. R. Stick- 

ney Clerk of the Chicopee Water Company. 
: CLXXXV.—FITCHBURG. 

Fitchburg, Massachusetts, in lat. 42° 34’ N., 
; . 71° 48’ W., ison the Nashua River, in a long, 
narrow valley, from which the und rises on 
each side to a height of 250 ft. It was incorpora- 
ted as a town in 1764 and as a city in 1872. 

In 1871-2, water-works were built by the city, 
after of Phineas Ball, C. E., and under the 
su tendence of G. Raymond and W. A. Smith, 


ing the supply from Scott Brook, which 
drains a water of about one square mile. The 
flow of stream was at taken, and 


natural 

‘in 1876-7 an impounding resevoir covering 36 acres 
and containing’ 109,000,000 gallons was formed by 
building an earth dam 46 ft. high, with a heart 
wall of rubble masonry laid in cement. Two cast- 
iron pipes are laid through the dam, one on the 
surface, the other 16 ft above it, resting 
on stone piers. The dam was raised and strength- 


ened in 1880, the reservoir to 
-$,000,000 increasing - capacity 
‘brick uit conveys the water 7,916 ft. to Over- 


look reservoir, formed by building two dams across 
aravine. The upper dam, 22 ft. and 1,000 ft. 


long, 
Bt ee 


stone 2 ee dee 
12-in. and one of 16- fee, 
included between these dams 


f 
; 


iron | to the higher 


| 
Shattuck Brook, 8,300 ft. distant, and taking the | 
water from a drainage area of 144 square miles. | 
The brook was diverted by a small dam of sheet 
piling covered with earth. 

From Overlook reservoir the water is distributed | 
ions of the city. 

Ata point in the ravine 1,150 ft. distant from | 
the lower overlook dam another dam, 21 ft. high, | 
forms the Marshall reservoir, covering half an acre, | 
and containing 1,000,000 gallons at 200 ft. above | 
the lower part of the city, which it supplies. 

The pressure in the city is 80 lbs. from the} 
low-service and 155 Ibs. from the high-service reser- | 
voir. The high-service pressure can be put on the | 
low-service system when needed, 

Daring the drought of 1880 a pipe was laid from | 
the reservoir to Snow's Millpond to obtain addi- | 
tional water. 

Distribution was at first by wrought-iron and 
cement ripe. Since 1876 cast-iron pipe has been | 
used for extensions. 

In 1875 about 2,500 ft. of street pipes were frozen 
solid. Several sections of 250 ft. in length were 
thawed out by injecting steam and hot water. 

On June 6, 1877, lightning struck the pipes in two | 
places, entirely ruining 2.000 ft. in length. In| 
1878 the pipes were again struck by lightning and 
injured. In both instances the damaged pipe was | 
replaced by cast-iron mains. 

he total length of pipe laid to Dec. 31, 1881, | 
was 26 miles, with 203 fire hydrants, 198 gates and 
1,255 taps ; 93 meters are in use. 

Service-pipes are of wrought iron, cement-lined. 
The population in 1880 was 12,405 and the daily | 
consumption about 1,500,000 gallons. The works 
have cost $439,500 
cent. bonds is paid out of taxation. The revenues 
of the works have paid the expenses of maintenance 
and supplied $78,071.31 to a sinking fund. The | 
—— in 1880 were $5,713.15 and the receipts | 
$15,640.53. 

The works are managed by a board of commis- | 
sioners. Thomas C. Lovell is the Superintendent. | 


CLXXXVI.—BATAVIA. | 


Batavia, New York, in lat. 43° N., long. 78° 48’ 
W., is on Tonawanda Creek in a ae undulat- | 
ing country. The town was settled in 1803. 

ater-works were built in 1865 for the supply | 
of the village, for fire protection and street sprink- | 
ling, taking water from Tonawanda Creek. The, 
village erected two Holly pumps in the mill of J.) 
G. Cameron and laid mains and put up ie ge anew 
in the streets. The mil! owner furnished water, | 
kept the machinery in order and ran it for a stip- | 
ulated sum, and has the privilege of tapping the | 
= and selling water for private purposes. 
n 1873 Mr. Cameron put in two La France| 
pumps. In 1878 Olmsted & McDonald, then the 
—— put ina Knowles o— in addition, | 
and in 1881 erected a wooden tank holding about | 
22,000 ons, on a stone foundation, 40 ft. high, in | 
the village. This tank is an equalizer of pressure, | 
In case of fire the tank connection is closed and | 
water pumped directly into the mains under 100 | 
pressure. There are about five miles of cast- | 
iron distribution pipe from 8-in. to 5-in. diameter, | 
with 43 fire hydrants and 250 taps. The town ig 
D. A. ee " = present a weap ed 
per year for furnishing water for street sprinkling 
and fire extinguishing. The cost of the works is | 
not known and the operator’s expenses and outside 


| 
j 


me 


revenue are not stated | 


The population in 1880 was 7,356. 
CLXXXVII.—SEDALIA. 


on a* high, rolling prairie. 


about 


1864, 


| on water-w 


Interest on $400,000 6 per ; 


39 





is $125,000, bearing interest at 5 per cent. The 
interest on the debt and an annual charge of $10 
for each fire hydrant are paid from a general tax. 


| The expenses of maintenance in 1880 were $9,000 


and the receipts $9,445. The Council Committee 
8 manage the works. Louis Kumm 
is Chairman, 

CLXXXVII.—WARSAW. 

Warsaw, New York, in lat. 42° 45’ N., long. 78° 
10’ W., is on O-at-ka Creek at the head of the valley 
of the same name, between two lofty ranges of 
hills, 1,013 ft. above sea level. 

Settled in 1808, it was incorporated as a village 
in 1847. Water-works were builtin 1870. Water- 
works were built in 1870 by a private company 
after the plans of James O. McClure, C. E., taking 
the supply from 9 springs on the bill east of the 
village and one large spring on the west hill. Two 
reservoirs on the east hill contain 500,000 gallons 
at 265ft. above the town. These springs have 
never failed entirely, but the supply at times is 
small. The west hill spring, which is constant, 
supplies a reservoir holding 250,000 gallons 360 ft. 
above the town. The east and west reservoirs are 
connected by pipes. 

Distribution is by cast-iron pipe, of which 6 
miles are laid of from 8-in. to 8-in. diameter, with 
30 fire hydrants, 10 gates and 260 taps. The town 
pays $1,000 a year for the use of the fire hydrants. 

he population in 1880 was 8,755 ‘and the daily 
consumption 20,000 gallons. 

The works have cost $30,000 and the total re- 
ceipts have been $17,500. ‘there is no bonded 
debt. The expenses in 1880 were $150 and the re- 
ceipts $2,200. The capital stock of the company 
is $25,000. W. J. Humphrey is President; B. F. 
Fargo, Secretary and Treasurer, and J. O. Mc- 
Clure the Engineer. 

CLXXXIX.—URBANA. 

Urbana, Ohio, in lat. 42° 2’ N., long. 84° 53’ W.. 
is in a rolling country, well supplied with springs. 
A small stream, fed. by a spring, flows through 
the town, which is on nearly love ground, with a 

vel subsoil, containing water at from 10 to 80 
t. below the surface. 

Settled in 1792, it was incorporated as a city in 
1867. In 1878 water-works were built for a pri- 
vate company by the Holly Manufacturing Co., 
— the supply from a well 20 ft. in diameter 
and 15 ft. deep, and pumping directly into the 
mains by a Holly four-cylinder engine of 144 mil- 
lion gallons’ capacity, working under an ordinary 
pressure of 40 lbs. per square inch and a fire pressure 
of 100 ibs. Distribution is by cast-iron pipe, of which 
9miles are in use, of from 14 to 4-in. diameter, 
with 74 fire hydrants and 320 taps and 2 meters. 
Lead service pipe is used. The cit '¥ $100 per 

fr for each 


year for ok of 60 hydrants an 
one over that number. 

The population in 1880 was 6,252 and the daily 
consumption 250,000 gallons. 

The capital stock of the company is $100,000 and 
the bonded debt $65,000, bearing 6 per cent. The 
works have cost $85,000. The expenses in 1880 
were $3,400 and the receipts $10,050. 

J. H. pp M. D., isthe Treasurer and Superin- 
tendent of the company. 


(TO BE CONTINUED.) 

The receipt of statistics as follows is acknowl- 
edged with thanks: From Louis Kumm, Chair- 
man Conimittee on Water-works, statistics of 
the water-works of Sedalia, Mo. From Robert 


| Surtees, City Engineer, report of water-works of 
Sedalia, Missouri, in lat. 38° N., long. 94° W.., is, 
A stream draining | 
miles of prairie land has its rise 25 miles | ’ 
north of the town and flows past it. The town | From Charles E. Fowler, Cit 
was settled in 1860, and incorporated as a city in| 


Ottawa, Canada, December, 1881. From N. I. 
Jordan, Treasurer Water Company, statistics and 
water rates of the water-works of Auburn, Me. 
Engineer, contract 
between Water Company and City of New Haven, 


Dec. 15, 1881. From D, Hammond, Superintend- 


In 1871, water-works were built by the city, | ent, statistics and water rates of the water-works 


the supply from the creek ere g it 
di ly into the mains 7: g of 6 Holly up- 
right 12-in. pumps, with eoleny pumps for fire 


pressure, operated by a Holly steam engine. 
A spring on the bank of the creek, about 
two miles, supplies 200,000 gallons daily. 


long across the stream, with 2 openin 
of 4 ft. each, fitted with 9 gates, width are 


to be dropped during floods, 


nary stages, thus creating a storage reservoir of | 
about 40,000,000 million gallons ity. 
The highest part of the city is 153 ft. above the 


comes, sat 
and 20 ft. high has been 
trestle 40 ft. 3 
The ordinary pressure at the pumps is 85 Ibs., 


| of Emporia, Kan. 





There | is organized. From A. W. i 
is now in course of construction a dam im a aterm and water rates of t 
in it, reports 

| April 30, 1880 and 1881. From J. H. Ayers, M. D., 
closed in ordi- | Superintendent and Treasurer, statistics and water 


| water-works of East 
at that point a wooden tank 40 ft. in | 


From John M. Steele, Superin- 
tendent, statistics of water-works of Bordentown, 
N.J. From W. H. Johnson, Secretary, statistics 
and water rates of the water-works of Alpena, 
Mich., and laws under which the Water Company 


t 
a ueme of 


Gloversville, N. Y., and for years ending 


rates of the water-works of Urbana, O. From E. 
Metsch, Clerk and intendent, statistics of 
iverpool, O. From T. N. 
Boutelle, Superintendent, a description of the 


erected on a water-works, Fort Dodge, Iowa. 


oa 7 2 0+ oe 


and the fire pressure is 140 Ibs. per Phe ere ry! a be gp eae gg ee poner vy d freight La eo 
square inch. ; the New York Central Railway became stalled two 
Distribution is eee oe miles east of Cl ane Soe Stentas beter Cie vente 
fire hydrants and pee lagthenna Magee nd Fy The flames were ,extinguished before the 
use, but are as entiafactorily. | Sr communicated to the (eee Tynan ot the cielo’ 
Cn er ras 1 and the. daly | ot property foogerae ante rca 
. a no 
The works have cost $135,000. The bonded debt | back from the stalled train, 
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EDITORIAL ANNOUNCEMENTS. | 


1 
j 
Terms of Subscription.—To the United States ont 
’ Canada, $4 per annum, including postage; all parts of 
Europe, $5, payable in advance. Remittances at the risk | 
of the subscriber, unless made by registered letter or by | 


draft, check or P. O. order, payable to Gro. H. Frost. 
> 


Terms of Advertising.—One inch, 12 lines, one inser- 
tion, $2; one month, $6.50; three months, $17; six months, 
$30; one year, $50. Special rate for large space and long 
time will be given on application, Advertisements inserted 
for less than three months. payable in advance; for longer 
time, payable quarterly. 


Articles for Publication in the current number 
should be received at the office of publication not later 


than Thursday morning, and advertisements not later than 
Friday noon. 


Correspondence upon subjects which naturally belongs 
to the province of this journal is solicited. 
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ENGINEERING NEWS 


is no longer re 
It has reac 


strained to depart so far from the path which we 
bad marked out for ourselves as to comment 
upon coroners’ verdicts, and “give a reason 
for the faith which is in us,” 
while we make no claim to being “ex ” in 
railroad management, yet we are not 
perience in such matters, — in the days 
when the charge of railroads by their engineers 
did not cease on the completion of the work of 
construction. It is true, that the complica- 
tions growing out of various and diverse interests 
to be reconciled in order to the successful working 


|of the railroad system of to-day, did not then 
exist, and the ‘‘ bulls” and the ‘“‘ bears” were not 


permitted to thrust hoof or paw into affairs 
sumed to be beyond their capacity, but the princi- 
les and practices then found essential to success- 
ful operation are no whit less important now than 
then, being based upon the immutable laws of 
nature—and we may add—common sense. 

As we understand the duty of a coroner’s jury, 
and as expressed by one of the dailies, which was 
not in accord with the verdict rendered, it is to 
determine ‘‘ where the responsibility. rests for the 


| loss of life.” 


The only feature in the case which will bear the 
characterization of ‘‘ accident ” was in the opera- 
tion of releasing the air-brakes. This was per- 
formed by some one asa stupid joke. It does not 
appear in the evidence who this was, but it mat- 
ters little, as in itself it was a small matter, not 
necessarily attended with any risk of what is 
called an “‘ accident.” 


The train being stopped, the first duty of the 
conductor is to dispatch a bi with a sig- 
nal, ineach direction ordinarily, but in the pres- 
ent case, as it was known that a local train was 
following the express, the first duty of 
the conductor was to flag this train ; 
the conductor failed to do this, or rather 
failed to see that it was done, and so became 
responsible for what happened. The rear brake- 
man knew that it was in the line of his duty to 
flag the coming train; had he performed his 
duty in this respect no loss of life would have 
occurred. This failure of duty on his part 
rendered him ee: with the con- 
ductor for what fo . The .enginemen of 
aware of the fact that the 

sprung, and it proving no 

part of their duty to investigate as to who had 
sprung the brakes, violated their known duty 
g to move the train, and succeeding 

in moving the train to a point of absolute danger 
in reference to the field of observation from a 
following tra‘n became equally responsible with 
the conductor and emen for what 
subsequently happened, The engineman of the 


43\ following train (Tarrytown local) aware by 
43| his time that there was a train in advance 


43\of him, and also aware of the principle| thef leap of a woman from the 


SPUYTEN DUYVIL CATASTROPHE. 


In last week’s issue of ENGINEERING NEWS 
we published the verdict of the Coroner’s jury in 
the case of the Spuyten Duyvil catastrophe, and 
at the same time republished opinions from the local 

ress commenting upon the c cter of this ver- 

ict, a course which we have not hitherto pur- 
sued in such cases, but which we thought 
was called for, as exhibiting so fully the 
tendency of the framers,as well as the expo- 
nents of popular opinion, to diversity of sentiment, 
even upon matters which would appear to admit 
of but small differences of opinion, whether, as in 
the present case, we consider the simplicity and 
the concurrence of the evidence submitted to the 
jury, their sworn duty in the premises, or the 
great importance to obvious public interests, that 
‘their trumpet should make no uncertain sound,” 
and that no t should be found upon 
whom to visit the dereliction of duty on the ~— 
of any man or set of men who trifle with the lives 
of the traveling public. There has been too 
much of this di ition shown heretofore on the 
part of coroners’ juries to evade their nsibilities 
and regard as accidental, and so beyond the control 
of man, what, in some Cases, and notably in the 
present one, would have been miraculous had it 
not happened; and that the jury should have ren- 
dered, what the world characterizes as ‘‘so sweep- 
ing a verdict,” in the very face of the Railroad 
King isan evidence of moral courage which should 
command the support of all, and which we most 


heartily approve. 

Discussions upon the management of railroads 
have formed no of our editorial labors. This 
field has been filled, and ably filled, by our valued 
contemporary, the Railroad Gazette, and to which 
we have been accustomed to look for practical and 
sound opinions upon all matters touching the 
management of roads, which in the present day 


that in approaching a dangerous point of the road 
he was not to rely wholly upon others to apprise 
him of r. but should himself be keenly alive 
to the possibility of danger in his front, failed to 
exercise the proper degree of watchfuiness, ond 
rendered himself equally responsible with 
the conductor, brakeman and engineman of the 
express for what followed from his neglect. 
There are few places on the railruads leading out 
of New York where the element of possible dan- 
r, through neglect of employés to faithfully per- 
orm their duty, is more apparent than at this lo- 
cality; and this possibility of danger should have 
been impressed upon the operatives of the road in 
the instructions from the Superintendent, calling 
their especial attention to the proper precaution- 
ary measures to be observed in passing it. The 
failure of the Superintendent in appreciating, or 
in causing his employés to appreciate, the fact 
that this was to be regarded as a point of — 
renders him nsible with them for what fol- 
lowed from their neglect or ignorance. 
And finally, the economy which forbids the em- 
ployment of a local flagman for this point of dan- 
r, and in the failure to supply ob sly needed 
implements for such a catastrophe, as similar oc- 
currences in our country have shown to be _essen- 


| 

ed as a branch of es. more to be deplored 
us, however, that our ure to itself. 

comment upon this late evidence of mismanage- | action of the 


ment is misunderstood, and we are, therefore, con- 


thout ex- | 
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ee 


than was the “accident” 
As we go to press understan 

Grand Jury to be an indictment of 
the conductor and brakeman of the express .“‘ for 
negligence in the performance of their duty;” 
with a gentle reminder to the railroad company 
that it would be well if the trains carried certain 


, etc. 
Woe have but a single remark to make to this : 
Would the negli of these two men alone 
have sufficed to insure a loss of life had the 
remaining individuals implicated by the Coroner's. 
verdict _ Saree their entire duty in the 
premises 


premising that | tools 


— _—<)>-- > + oe _____—_—_ 


COLORADO INSTITUTE OF ENGINEERS. 


This new professional association has just been 


pre- | formed at Leadville, Col., and we have fa- 


vored with a series of circulars from the Commit- 
tee on Organization. These circulars are for the 
instruction of candidates for membership, and are 
almost verbatim reprints from similar ones of the 
American Society of Civil Engineers. The mem- 
bership is divided into resident and non-resident 
ono ei. and an a the ee are - Eaeenor 
$20, $15, $12 respectively, and quarterly 
dues are $6 and $1.50, the total being only a dollar 
or so less than for the New York Society. The 
new Association has apparently resvlved to spend 
no time in discussing constitutions and by-laws, 
but presuming on the perfection of that of the 
A. 8. C. E., adopts it y. Living in high alti- 
tudes, we judge from the aspirations of this latest 
fledgling, equally altitudinous ideas, and 
we are tosee that there is ‘‘ nothing mean” 
about the new “ Institute” in the way of asking a 
good price for admission to its d circle, e 
committee are Fred. G. Bu , Thos. W. Jay- 
cox and Chas. J. Moore, two latter 
gentlemen being personally well known to 
nthusiastic and capable engineers, 
in effecting a 
fessional organization from 
among the many well qualified engineers in the 
far West. We think, however, they have made 
a mistake in modeling their organ ion after that 
of the A. S. C. E. instead of that of the American 
i ig Ex committee’s. 
circular closes with stating that they. - 
gineers will “find profit in a membership”; we 
will await the advent of the Proceedings and 
Transactions of the new ‘Institute ” to prove the 
faith that is in its 


0 


A DISASTROUS FIRE. ° 
As we ee oe a eee Se ree 
day morning the gesticulations of a 
raphilty-gate crowd in the street just below 
drew our attenton and another glance revealed 
a broad column of flame issuing from the old 
World newspaper building directly in front. 
Haste’ Saruneuenans tele tees Gane to 
the hard pavement below, to meet death in another 
form than by fire, and to witness the heroic and 
successful feats performed in the sa of life by 
the fire department and citizens. For a time, d 
sn ao Steeler hil aioe the fearful 
to cease ing while i 
scramble for life by the flame- ed occupants 
1 Bee ing, and oaly 
flames burstin: m every opening cu’ 
off further efforts to a life Sale ore realize the 
fierce contest that was in progress, Never before 
did we so realize the value of a minute of time as 
when witnessing the slow raising of a ladder to 
find it only too short to reach the point at which 
the beleaguered supplicant awaited a 
e 


large and influential 


close proximity to our own quarters we would 

hardly have referred to it. The scenes transpiring 

before our windows since Tuesday must be seen 
, and while we write (Fri 


. 


tial to save life, renders the managing head of this | j 


great road equally responsible with his employés. 


That this is so is evident if we consider that the |. 


concurrent action, or non-action, as the case may 
be of the entire five operatives, together with the 


defects in the regulations and the parsimony of | }; 
about hat 


the owner, was essential to bri 
condition of things which result 
The mere stoppage of the train (a constant occur- 


disaster which followed, but 


through which the shortcomings of the ts 0: 
a et a ee ee fatal 


We regard the verdict of the Coroner’s Jury 
as Se and if the action of 
Grand Jury “fail to confirm it, it will 


in loss of life. | ern ci 
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the of the fire. Had this end of the build-| 
ing the same in character as the other end 
there is no where the finish would have 


kno 
been, nnd t probably would not have been our good 
addressing our readers from our 


present comfortable quarters, even though they be 
considered fire- . Concerning our co- 
tem we leave to inform our readers that 


Messrs. Munn & Co., publishers of the Scientific 
American and Scientific American fag “om pow 
occu offices in the ed building. sub- 
srpaon book and lit were protected by a safe 
found to be in good condition. The two pa- 
pers will be sent as usual, and as soon as ibic 
extra numbers will be a of the Scientific 
American for the past eight or nine years, and of 
the Su # since its commencement, the 
plates having been kept in another building. All 
orders for — een be filed and _ as 
soon as possible. e offices now occupied by the 
paper are at 261 Broadway. . r 
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PERSONAL. 





Rate R. Osaoop, of Troy, N. Y., manufac- 


turer of ‘‘ boom dredges,” steam excavators, eto., | 28 


on Jan. 9, formed a copartnership with JamEs 
MACNAUGHTON, under the firm name of OsGoop 
& MacNavuGHTon. The offices of the firm are at 
87 State street, Albany, N. Y 


B. R. Morton has been unanimously re-elected 
City Engineer of Newport, O. 

THE Late Cot. E, 8S. Purpy.—The Academy 
announces the death at Cairo of Col. E. S. Purdy, 
Pasha of the Egyptian general staff. Col. Purdy 
was born in the State of New York, and received 
his scientific training at West Point. 
age he served under Gen. Sto 
survey of Sonora and Lower California, and after- 
ward saw service in the war with the Southern 
States. For several years past he has been 
one of the most promineut of the American 
officers under General Stone Pasha, chief of the 
Egyptian general staff, and has been long engaged 


in survey work in Upper Egypt. He served with 
Ismail Eyub Pasha in the Darfur expedition and 
took a leading in laying down the map of that 


Handi 8 tely as May 14 Colonel Purdy ex- 
ibited his large map of Darfur at a meeting of the 
i Geogmebiant 8 , and read a on 
his pene to Dara and Hotra-el-Nahas, giving an. 
account of the inhabitants and resources of 
its fauna and flora, hydrogfapby, etc. Colonel 
Purdy was only forty-two years of age at the time 
of his death.— London Times. 

M. 8. LINCOLN, Uhief Engineer of the Wabash, 
St. Louis & Pacific Railroad will have charge of 
the Bridge and Building departments, including 
bridges and all structures. 

MASSACHUSETTS INSTITUTE OF TECHNOLOGY.— 
The Society of Mechanical Engineers of this In- 
stitute this week visited some of the great manu- 
rene establishments of Western Massachu- 
setts Connecticut, accompanied by Professor 
Channing Whittaker and his assistant, Mr. Willian 
H. Beeching. 


A. M. WELLINGTON has resigned the position of 
Principal Assistant Engineer of the Mexican 
National cele to accept that of Assistant Gen- 
eral Manager Mexican Central Railway, with 
headquarters at 5 San Fernando, Mexico. 
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OBITUARY. 





ALEXANDER LYMAN HOLLEY, of world-wide celeb- | as 


rity as a metallurgical and mechanical e r, 
died at his residence in ae on Sunday even- 


in ho 
ailments, eg 


comp his entire family, followed as soon as 


they could leaveEurope and arrived in the Ger- 
manic on Sunday but not in time to reach his bed- 
side before death came. 





uaintance of the late Edwin Stevens, of : 


Hoboken, and was engaged as consulting engineer 
in the construction of Stevens battery. This 
work led him to visit England a second. time, in 
1862, for the p of studying the latest im- 
fare oy in offensive and defensive warfare. 
result of his studies was the publication, in 
1864, of a treatise on ‘‘Ordnance and Armor,” 
which has since been ized as the standard 
authority. Through the efforts of Mr. Holley the 
patents in the United States for the Bessemer 
oa of manufacturing steel were secured in 
864 for an association in this country, and in 1865 
the tirst Bessemer works in the United States were 
built under his supervision in Troy, N. Y. From 
that time until his death Mr. Holley continued to 
be the foremost American expert in that line. The 
extraordinary progress which the American works 
have made in this art over those of other countries 


is conceded. to the skill and practical inventive 


genius of Mr. Holley. 

From a paper on ‘‘ The History of the Bessemer 
Manufacture in America,” read before the Ameri- 
can Institute of Mining Engineers at its meeting 
in Philadelphia, June, 1876, we extract the follow- 
ing: ‘‘ His mechanical intuition was alive to the 
possibilities of improvement of the Bessemer pro- 
cess and the result of his thought gave us the pres- 
ent accepted type of American mer t. 
He did away with the English deep pit and raised 
the vessels so as to get working space under them; 
he substituted top-supported hydraulic cranes for 
the more expensive counter-weighted English ones, 
and put three ingot cranes around the pit instead 
of uwo, and thereby obtained 
He chan the location of the vessels as re- 
lated to the pit and melting-house. He modi- 
fied the ladle crane, and worked all the cranes and 
the vessels from a sigle point; he substituted cu- 
— for reverberatory furnaces, and last, intro- 

uced the intermediate or accumulating ladle 
which is placed on scales, and thus insures accu- 
racy of operation by rende’ possible the weigh- 
ing of each charge of melted iron before pouring 
it into the converter. These points cover the rad- 
ical features of his innovations, After buildi 
such a plant, he began to meet the difficulties o 
details in manufacture, among the most serious of 
which was the short duration of the vessel bot- 
toms, and the time required to cool the vessels to 
a point at which it was possible for workmen to 
enter and make new. bottoms. After many ex- 
periments he introduced the Holley vessel bot- 
tom, which has rendered possible, as muchas any 
other one thing, the present immense production. 
His subsequent invention of the removable lining 
for the converter, adapted the basic process to 
American practice. Considering the vast improve- 
ments brought about by Mr. Holley’s untiring 
efforts, we cannot but pay a high tribute to his 
enterprise and activity.” 

At eee of ‘coubdiinas ¢ Holley bo agp 
a as engineer of the Asso- 
Sanel Denseiior Steel Manufacturers in the United 
States, and having already acquired considerable 
property, he left te in comfortable circum- 
stances. Three great the American So- 
ciety of Civil Engineers, the Institute of Mining 
Engineers, and the Institute of Mechanical - 
neers—have distinguished him with official hon- 


Mining 
founders and most enthusiastic “ragga of the 
Institute of Mechanical Engineers. his numer- 
pers and addresses before these societies he 
diaplaned i order of literary ability, as well 
rofessional skill and acumen. He was an ex- 
cellent after-dinner speaker, and of a — and 
humorous di ition. He was fond of art, and 
was a friend of most of the leading artists in this 


Bessemer 
est, as a recognition of his invaluable professional 
services. His oe Mr. rs sore - 
dress of presen ill never ° n by 
those who heard it, and few heard it without tears. 
It concluded as follows : us all who are 





ter area of power. | 


4 


American Institute of Mining Engineers were pres- 
ent, the pall-bearers also being leading men in 
these associations. 

Those only who knew Mr. Holley best can ap- 


preciate how severely his loss will be felt. 
> 


SEWERAGE OF EUROPEAN CITIES. 











From Mr. Rudolph Hering’s report, made to 
the National Board of Health, noticed in ENGINEER- 
ING News for last week, we promised some ab- 
stracts of statistics from the various cities which 
were embraced in the field of his observations— 
and commence with 

LONDON. 

Population.-—Drainage and water-supply district, 
4,343,400. Average density, 55.€; varies from 42 
to 174 per acre. 

Area of Met 
acres. 
8 miles. 

Number of Dvwellings.—In drainage district, 
585,000. Number of inhabitants per house, aver- 


lis.—122 square miles = 78,080 
Greatest length, 14 miles ; greatest width, 


Water Supply.—From rivers Lea, Thames and 
Lea, per day, 61,989,000 gallons; from river Thames, 
cent. for streets, fountains, etc. Average, 
1860-1869, 24.3; 1870-1¢79, 23.0. 


age, 7.4. 
chalk wells, per day, 145,800,000 gallons; from 
chalk wells, per day, 9,140,000 gallons; from river 
per day, 74,614,000 gallons; 145,748,000. 
Eighty-one per cent. used for dwellings; 19 Es 
gallons per head. All river water is filtered. 
Mortality. — 1840-1849, 25.1; 1850-1859, 24.1; 
Meteorological.—Temperature: Thirty years mean 
jannual, 49.4 Fahrenheit; mean monthly maxi- 
| mum, 72.3 Fahrenheit ; mean monthly maximum, 
| 32.7 Fahrenheit ; maximum seldom above 80 deg., 
though it has reached 94 deg.; minimum seldom 
| below 15 deg., though it has reached —5 deg. ; 
| mean daily range, 16.9 ; mean monthly range, 36.8 
| Fahrenheit ; frost penetrates soil toa maximum 
| of 2 ft.; rain, annual, from 18 in. to 30 in.; thirty 
years mean, 24.4in.; number of rainy days per year, 
0 ; mean humidity, 81. Rain storms, maximum : 
Inches 


per minute. 
| 1846, August, 3.3 in. fell in 140 minutes; 2 in. in 
u 


| ene I sn esa ose a iene Mirk bes badhbae 4 

, July, 0.5in. in 15 minutes...................... ; 

1857, October, 2 92 in. in 36 hours.................... 0013 
1874, May, 0.34 in. in 8 minutes... .... .............. .043 
1874, June, 0.06 in. in 30 minutes.................... .032 
1874, July, 2.23 in. in 84 minutes...................-. ORT 

1878, June 23, 3 in. ged ley DIN Gacascivicee .033 
1878, — 10 and 11, 2.64 in. in 19 hours; maxi- 

mum in 90 minutes. 

| 1880, July 14, 0.36 in. in 12 minutes.,................ 030 


T ical.—Situate on both banks of the 
Thames 40 miles above its mouth. Largest area 
is on the northern bank, where the surface is above 
floods. a. bank is some with oe heh 
| ordi igh water, gradually extending to 
jand hilly nds near the southern boundary. 
| Average tide in Thames, 18 feet. At Barking and 
| Crossness outfalls niéan low water is —7.6; mean 
high water is + 10.72. 

Extreme tides : 





| 1874, March 20........ ....... daesiescnes high water + 16.50 
| 1076; AMEN 2B... ce cevccciee coe . «+. high water 16.00 
ER 5 dss can icdwededasaucion Sed low water — 10,00 
RNS OEE. ia 5 nck pcdcan a sceesctvent high water + 16.83 
IRL. cecceregaededs  cebsequegrte high water + 16.50 
PN, Mildis diese bovdeches ack «és -denes b water -+- 16.00 
ER Batis siabicas uknd evden dweisaions water + 16,00 

| Physical.—Greater east of metropolis is closely 
| built up, especially older portions of the center, 


| north, and south of river. West and northwest con- 
| tain many open areas, parks and gardens. Total 
length of streets is 2,600 miles, of which 1,338 
miles are paved with macedam and partially 
granite blocks, 274 miles entirely with granite 
blocks, 23 miles with asphalt, and 15 miles with 
wooden blocks. 


MANAGEMENT OF PUBLIC WORKS. 

They are in charge of a Metropolitan Board of 
Works, an elected body of 45 members, each serv- 
ing three years. The metropolis is divided into 
vestries, larger ones sending one representative 
and some two, smaller ones combining into dis- 





the Board. 


try district are built by district boards, which 
have each an surveyor, with neces- 
sary of assistants. But all their plans must 
eutie be submitted to the Metropolitan Board 
for approval Permanent staff of Metropolitan Bourd 
of ic Works, 8 : Main 
s Eg to chief, 

1 16 enaingers and oi Gea: 
* 36 aluice and ha a 
mechanics and laborers. 
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DESIGN AND CONSTRUCTION OF SEWERAGE WORKS. | there is no uniformity in the details. They are 

1. General System and Alignment.—Combined generally covered by a funnel arch, and have a 
water-carriage with interception of sewage and tongue between the sewers. The chamber has a 
slight portion of rain, at several levels, discharg- Ventilator to the surface. Overflows vary in de- 


ing it 10 miles below city into the Thames at out- | sign, and are generally placed at three-fourths of ; the 


going tides. The valley line sewers, mostly old, height of sewer. The mouth is w‘de, to take the 
receive excess of storm-water either direct or from Water freely, and is then reduced to a circular or 
overflows, and discharge by shortest line to the egg-shaped channel. Outfalls of main drainage 
river. The Thames divides the system into two sewersare at and Barking. At the latter 
independent gents. | sewage discharges by gravity. It is stored in cov- 
‘In the north there are three main intercepting ered reservoirs of 94¢ acres, and discharged only 
sewers: The high, mid and low level, and a few | during ot tides. At Crossness the — 
lateral branches, with final outfall at Barking. | is pumped into reservoirs of 644 acres, from whi 
The higb-level sewer begins south of Highgate, | it is discharged also during outgoing tides. 
extends eastwardly to the valley of pokey | Ventilation.—Sewers are vent by frequent 
Brook, and crosses Victoria Park to Old Ford. The | eo s into the streets, erally by special 
mid level begins near Harrow Road, under | sha in., 8in., 10 in., or 12 in. in diameter, termi- 
a Canal, follows Uxbridge 
street, Old street, Victoria Park and joins the high 
level at Old Ford. These two sewers intersect all | ing. 


. Oxford | nating in the side of a basin, which is covered by an | 
| open ing. Man-holes are also often ventilat- | 
‘ormerly the furnaces and stacks at pump- 
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| Before 1846 no sewers were , Done 
| were built of vitrified pipe, chs goes ge reer 


Statistics.—Ludgate Hill sewer was built before 
year 1668; Fleet street sewer was built in 1668; 


first surveyor for London was appointed in 1768, 


| Up to 
| Up to 1856-1877 inclusive: 


FN MN 25550 ork sc 
| District sewers 


of sewers: 


WOWOTB no cere sesdceses + sevcevecce 


ich | 197e to 1880 inclusive 


Of which 550 miles are of vitrified pipe. 
latercepting sewers: 
of 


sewage that can flew into the Thames by gravity. | ve were made use.of for ventilation, but 


A branch from the elevated grounds at Piccadilly | this is now abandoned, as it checks the draft, and 
os the mid level. From Old Ford to Barking, | is not efficient ex 

he two sewers are united in one embank- ? P 
ment, built for them on account of the low | mostly built with side entrances, especially in the 
gonads, and form the northern outfall sewer. At| central’ portion of the metropolis, having either 


| 


rking a reservoir of 914¢ acres, and 6,700,000 | vertical shafts or steps. When in the street they 
sewage during incoming tides. The low level covered with a grating, 


Blackfriars, thence to Tower Hill and Abbey Mills, | noise of passing wheels. When ventilation is re- 
where its contents are raised 86 ft. by steam-power, | quired, a small basin to catch the street dirt is 
and discharged into the outfall sewer just men-| placed beside the shaft of the man or lamp-hole, 
tioned. Several branches are connected with the | and through this the air passes out. It is about 9 
low-level sewer. South of the Thames thereisa| by 18 in., and is covered by an open grate, 
high-level and a low-level intercepting sewer, | while the man-hole coverhas no openings. Special 
with final outfall at Crossness. The Nigh ioral is| shafts for flushing are sometimes placed at the 
formed of branches skirting the higher grounds —— of the pipe-sewers. 

and uniting at Deptford, and then continues its | ies.—The gullies are commonly placed under 
course to Crossness at the southern outfall sewer, | the gutter, the inlet being covered by a grating 16 
where the sewage is raised 10 to 30 ft. high into a| by :8 in. hinged. They are generall ft. 
reservoir, from which it is discharged during out- | deep and have almost always a catch-pit and a trap. 
going tides. The low-level sewers, one beginning | The pipe leading to the sewer is 6-in. or9-in. 


at Putney and the other at Bermondsey, unite at|diameter. The trap is formed sometimes by a | 


Deptford, where their sewage is pum 18 ft. | flag-stone 3 in. thick, let down from the topand 
into the outfall sewer just mentioned. When / sometimes by the outlet ~~ itself. The seal is 
crossing these intercepting sewers, the old valley- about 12in. They are not located at the street 
line sewers are connected with them to take the | corners, but in the blocks, generally 200 or 800 
storm-water overflow and lead it directly into the| ft. apart. Some inlet-basins are of iron 33 by 21 
river. At present several extensive overflow-|in. and 3 ft. below the ting. There area 
sewers are 
ay The — amount = sewage — out trap or basin, by 9-in. terra-cotta pipes. 
the main drainage works is about 10,000,000 mping-Stations.—Lond 
cubic ft. north and about 4,000,000 cubic ft. south eee: oo 
of the Thames. The united ne is 63,000,000 | ess, on the southern side, and at Pimlico 
cubic ft., including a rainfall of 4 in. in 24 hours. | and Abbey Mills, on the northern side of the 
The system was designed by Sir J. W. Bazalgette. | Thames. 
Shape and Size of Sewers.—London exhibits a | 


1 
: 
| 
t for a short length of sewer. branch h, miles 
Man and Flushing Shafts.—Man-holes are | Isle of Bogs ‘ 


cutremity of northern low level, length, miles 
| Acto: 
cubic feet capacity, collects and holds all the are circular, and usually 214 to 3 ft. in diameter, | " 
et _wit partially open and par- | 
sewer runs under the Thames embankment to’ tially with inserted blocks of wood to deaden the | 


| Area drained, 


large | 
umping-stations. They are at Deptford and 


he Deptford station is the oldest, hav- | 
ing been in use 17 years. The sewage is raised 18 | 


8 1 


1 
1 
1 


i & miles 

| Bermondsey branch. — miles 
Greenwich and Deptford, length. 
uare miles 


| 
| > 


Daily amount of sewage discharged into Thames 
| from h outfalls, 17,600,000 cu. ft. Deptford 
pumping station was epened , 1864. 
as station was opened April 4, 
1865. Abbey Mills-pumping station was opened 
| July 30, 1868, Western (Pimlico) pumping-station 
| was opened Aug. 5, 1875. Number of gullies in 
Teceud et fae The 1 

i 2, _— metropolitan sewage 
‘is discharged into the Thames at Barking and 
| Crossness, 10 miles below the city. It is tem 
_rarily stored in reservoirs during incoming tides. 
| Velocity of water in Thames, average 414 inches 
| per second. 


ing built in addition in various sec-| few inlets which lead directly into the sewer with-| 


| 


| Gals. Cu. ft. Cu, ft. 
| 45,000,000) 11,600,000) 28,500,000 
| 24,000,000) 6,000,000) 17,200,000 


greater variety of shape in its sewers than any | {t, from the southern low-level sewer into the out-| ~_ 


other city, representing as it does the ideas of sev-| faji, The inlet is a twin sewer, each 7 ft. in di- | 





8 teed nm — the following forms} ameter. The ordinary depth of water in them is 


Cireu or pipe sewers which rarely 4 ft. There are 4° engines, each 125 horse- 
exceed 18 in. diameter, and for certain intercept- | power. Amount of sewage which can be raised 
ing sewers. The egg-shape is common for all! js 13,728 cu. ft. per minute. The Crossness sta- 
brick and concrete sewers, except those for in-| tion is situated at the southern outfall. The sew- 
terception and storm-water. The oval form, hav- | age is raised from 10 to 30 ft. either directly into 
ing a larger invert radius, is used when a com-'| the Thames or into storage reservoirs, of which 
tively great ordinary flow is to be removed. there are 4, each holding 6,000,000 lons, 
ther forms, such as flat or slightly curved in- ;and covering together 6144 acres. The tide runs 


verts, or railway tunnel sections, etc., are used for | out 7 hours. Gates are left open 1 hour before | fla 


special purposes. For formula used for dimen-| to 4 hours after high tide. There are 4 nes, 
sions see ENGINEERING NEws, Jan, 28, page 34. /each 125 h , driving 82 ¢ lift- 
The amount of sewage calculated is cue bait of | ne cotiansig 1 400 eldest eae eine Tees 
daily amount, assumed at 84 gallons per head, | ter of pumps, 41 ft. Four have a stroke of 4 ft. 
therefore 17 gallons, to flow off in 6 hours. | and 4 have a stroke of 2 ft. The works are bei 
The smallest sewers used are 9-in. pipes, but | extended. Amount of sewage which can be rai: 
generally not less than 12 in. in diameter. The | per minute is 17,028 cu. ft. The Abbey Mills 
Sin. iu the City of London the cedinany eowerstioneh mites the coiens toes te aesmen ioe 
. wi j u t 
are usually of brick, 4 ft. 6 in. by 8 ft. and 4 ft. by | Jovere pumped into it 08 ft. high. ‘The diameter 
2 ft. 6 in. with a terra-cotta invert block of 10 and | of the inlet sewer is 10 ft. 3in. There are 8 en- 
12 in. radius. The northern high-level sewer | gines, each 142 horse-power, driving 16 double- 
ranges from 4 ft. diameter to 9 ft. 6 in. by 12 ft.; | acting pumps, raising ordinarily 96,000 gal- 
the mid-level from 4 ft. 6 in. by 8 ft. to 12ft. by 9 |Jons “per ininute. ‘The amount of sew 
ft. 6 in.; the low-level from 6 ft. 9 in. diameter to | which can be raised per minute is 15,000 cu. ft. 
10 ft. 3 in. diameter, The southern high-level The western pumping-station (Pimlico) is the most 
sewer ranges from 4 ft. 6 in. diameter to 10 ft. 6) recently built. San the sewage from west of 
in. diameter. The northern outfall has 8 sewers, | Chelsea is raised into the northern low-level 
—_ ee t hk An side by side. The southern out-| sewer. The inlet is 6 ft. 9 in. in diameter with an 
Depth a Grade depth of ordinary’! ty 10 on Leer. Scones Detter Sate 
sewers below the street surface is from 12 to 15 ft. | storms the sewage is pum into the Thames. 
Cellars and basements are from 5 to 10 ft. deep ; There are 4 engines, each 90 horse-power, with a 
and if deeper, sewage must be raised into the supplementary engine, 120 horse-power. The en- 


sewer by the private parties. When a sewer for 

rpose of grade is over 16 ft. deep, a second one | 
ig built above it to receive house connections. | 
Grades for sewers are usually limited to give a 
minimum velocity of 18 in. per second. Grades of | 


Northern high level... ...1 : 71, then 1 : 376, finally 1 : 1100 | 
Northern mid level ...1:300 tol : 2640 

Morthern bow 20008... 5 ..0...scvsecssseescas 1 : 1760 to 1 : 2640 | 
Northern outfall, 1.2640 (invert at outlet is 18 in. below high | 


nee high level 1:176 tol : 2266) 
per D. OGL. cc. Svcicav unas vanmenenie 3 : i 
oo vaare WHE BOON. ois in ain sceetsincecs 1:100 tol : 2266) 
Southern low level..........0 6 ceeeeeeeseeee 1 : 1320 to 1 : 2640 
Southern outfall 1 : 2640 / 


Junctions, Overflows, Outfalls.—Junctions of 
sewers are generally made = easy curves, ot! 


gines drive 2 pumps, each of 5 ft. 344-in. diameter 
and 4-ft. stroke. Six thousand cubic feet of sew- 
age can be raised per minute. In 1878 the engines 
at work, representing 2,620 nominal horse-power, 
consumed about 23,340 tons of coal. 

Materials and Construction.—Materials used for 
sewers are brick, concrete and terra-cotta pipe. 
Concrete is preferred where not too ive. 
Portland cement is used for it in ions of 
1:4 to 6 of Thames ballast (gravel and sand mixed), 
and allowed to set one week before centers of 
large sewers (6X4 ft.) are drawn. Concrete sew- 
ers many years old presented a perfect condition, 
with co adhesion of sewage particles and 
very little odor. 


i MAINTENANCE OF SEWERAGE WORKS, 


ee ae are cleaned ey. by 
flus . Old sewers with flat inverts, and new 
ones W accidental obstructions occur, are en- 
tered and cleaned with scrapers and -shovels. 
Pipe-sewers, when they become obstructed, are 
cleaned with circular brushes drawn through 
them, or by jointed hooks, which are closed when 
in, and are forced open by a spring when 
drawn back. For flushing the pipe-sewers, either 
p-valves are used or such as work in a groove, 
regulated from above to dam the se or flush- 
ing water. Large sewers have penstocks inserted 
at necessary intervals. They are generally worked 
from above, and consist of a heavy door either 
rawn upward or swinging to one side. The 
| pumping-stations also have penstocks to hold the 
sewage back temporarily or to regulate the dis- 
charge into the river or to the pumps. 
The gullies are cleaned regularly and often. The 
scoops used have a flat or semicircular bottom. 
SEWAGE OF LONDON. 


In 1878 there were taken out of sewers 728 cubic 


yards of —— 
In 1878 was taken out of street basins 
100,050 cubic yards silt. 


COST OF SEWERAGE WORK. 


Management and Maintenance.—Total cost of? 
maintaining sewerage work under M itan 
Board, ,000. The maintenance of all Lon- 
don sewers cost about 25 cents per head Sap annum, 
including pumping, which is about 8 cents per 


Construction.—Total expended for intercepting 

aS main sewers since consolidation has been 

$27,500,000. This Bearer 82 oes of main oa. 

drainage miles of main valley line 

sewers, making 140 miles. A cost of main 

drainage per mile is ,000; of main valley 
line sewers per mile, 000. 
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with 1881 their number had been 216, an average | uncomfortable; in fact it is virtually impossible to 


of 24 year, not one of which could not have | have a quick and comfortable omnibus service 
been Foreseen. by a p r inspection, and pre-| along the Liverpool docks. He had entertained 
vented. From 1874, when there was 33, there | for many years crude ideas of a high level railway 
was a steady decrease in the record to 16 in| to obviate these disadvantages. The works of the 
1880; but the large number of last yeas eet Docks and Harbor Board, under the Act 
has di led the hope that a better condi- of 1573, being at the extremities, only made mat- 
tion of things was being brought about. | ters worse; in fact, Liverpool was fast becoming a 


t, hundreds of bridges on constantly trav- two ended town, with all offices, etc., in the 
a te are quite as weak as those that have | center, and the ships at each end, a very disad- 
fallen and but the same combination of | vantageous condition of things. His attention 
circumstances to meet the same fate. Until | had been attracted to the New York structure, of 
public opinion demands it, no proper inspection which he gave a description. The capital em- 
will be made, and the list of casualties from fall-| barked in this undertaking was excessive, and had 
ing bridges 
difficult to 
prevention. 


provision for o strain of 100 
rt span to 

oa . ft. should be made; in that of rail- 

road bridges the provision should be from 7,000 


nds for those of | insecure appearance of the New York structure and 


a safer appearance would be desirable. In decid- 


} 
} 


will be continued. Unfortunately itis | the natural result—high fares; but it was a great | 
gain a heuring for the dry details of | success on the whole, and very considerable in-| 
In the coastruction of road bridges crease was proposed. He drew attention to the | 


uuds for those of longer span | doubted if such would beacceptabletothe Liverpool | 
public, entertaining the opinion that on the whole | 


ds for those of short span to 2400 pounds for 
those of longer span per lineal foot. Compliance 
with these conditions will only make bridges se- 
cure for ordi travel, and 1t is difficult to obtain 
them because of the dishonesty of some builders, 
who construct bridges to sell, and of the ignor- 
ance, especially of town and county officers, to 
whom cheapness, combined with seeming strength 
is a strong recommendation. 
> 


ENGINEERS’ SOCIETIES, 








AMERICAN SOCIETY OF CIVIL ENGINEERS. | 





The r meeting of the society was held on 
the evening of Feb. 1, Mr. Charles Macdonald occu- 
pin the chair until the arrival of President 

el 


ich. 

The deaths of Moses Lane, member A. 8. C.E., 
at Milwaukee, Jan. 25, and of A. L. Holley, = 
vice-president of the society, at Brooklyn, Jan. 
29, were announced. 

The consideration of the paper by Robert E. Mc- 
Math on ‘Mean Velocity of Streams Flowing in 
Natural Channels,” which was read, was post- 


ned. 
PThe following named gentlemen were elected 
members: ENRIQUE BUDGE, Chief Engineer and 
Director New Government Mole, Val iso, Chili; 
CHESTER B. Davis, Chief Engineer Water-Works, 
Omaha, Neb.; RoBeRT GORDON, Chief Engineer 
Irrawaddy River Embankment Works and Survey, 
Henzada, British Burmah; Grorae 8. Ricz, Civil 
Engineer, Charleston, Ariz.; THomas J. SEELY, 
Div. Supt. and Asst. ineer Las Vegas Div. 
Atchison; Topeka & Santa Fe Railroad, Las V b 
N. M.; Romgo Pau. TomassEK, Construction En- 

ineer Mexican National Construction Co., New 

ork City, N. Y. 


—— 000 


ORGANIZATION OF THE COLORADO INSTI- 
TUTE OF ENGINEERS. 


A Leadville epee says: ‘‘ Feeling the lack of 
any association of engineers and scientists in this 
section of ben ey, apse — — en- 
gineers and metallurgists of Leadville have organ- 
ized the Colorado Institute of Engineers. The ob- 
jects of the association are stated to be the ex- 
change of scientific ideas; the discussion of 
scientific subjects of interest, which are constantly 
arising in the practice of the professions repre- 
sen and the establishment of a library of 
heave bast suuplaived So'anate tive Smuetanery 

ve been employ make the tory steps 
result in the proper basis for a t and 
reliable ion, and, after a number of pre- 
liminary meetings, the o: 
sumed such sha 





rganization has now as- 
pe as to insure a permanent and 
useful future. 

At a meeting held recently, the following officers 

ere e “ 

President—Thomas W. Jaycox. 

Vice-Presiden J. Moore. 


ing the class of structure to be adopted in Liver- 
— the much smaller traffic, as compared with 

ew York, should be taken into account. On 
these and similar — he advocated a single 
line system as sufficient, and the Act of 1878 was 
based thereon. He described the proposed struc- 


‘ trough” or the ‘‘American” system of girder, 
describing both. He also showed the mode of 
working stations, and economy being necessary, 
had arranged for the iinimum number of 
employés. The carrying powers of the line, its 


ture, and touched on the question of having the | 
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the system of distribution, and charges made after 
the introduction of the water. 

In describing the present condition of the works, 
he stated that the original ‘‘leat,” in a repaired 
condition amounting almost to reconstruction, was 
still used for twelve miles of its course, discharg- 
ing the stream into a service reservoir three miles 
from the town, from which the water is conveyed 
by two lines of pipes, 12-in. and 24-in., to the dis- 
tributing reservoirs two and three miles distant, 
thereby cutting off seven miles of the old course. 
He described, by a working drawing, the settling 

|tanks, through which the water passes before 
entering the reservoirs. 

With reference to pro i improvements, he 
stated that the supply still being inadequate, a 
storage reservoir of about 350 million gallons 
| capacity is to be constructed within the water-shed 
of the River Meavey above the Head Weir. The 
resources of this water-shed he showed to be very 
great. The pipe line is to be extended about five 
miles to Roborough Down, anda series of settling 
| tanks and an intake reservoir constructed there. 
| In conclusion, he gave details of consumption 
|and quantity of water available, the rules and 
| regulations, rates for domestic and other supplies, 
| and analysis of water. 

After the paper, which was illustrated by plans, 
photographs and drawings, had been read,a dis- 
| cussion took place, and a vote of thanks to Mr. Bel- 
\lamy for his interesting paper was given. The 
President announced that the next meeting of the 
Society would be held on the Ist of February, 


and check on money receipts were alluded when Mr. Wm. Goldshaw would read a paper on 
to, and estimates of cost and of working expenses | Municipal Control of Streets and Buildings. 
were given. The reason why the proposal for a | 
single line has been abandoned was explained, it | 
turned on the question of safety in working the | 
single line station, to which the Board of Trade | 
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officer had objected. Mr. Holt pointed out that on 
certain conditions the single line system was pref- 
erable to double line on the groiund of safety, and 
explained, by comparison, the real advantages and 
disadvantages of single and double line system. 
His opinion was that though the double system 
may be, under the circumstances, obligatory, it is 
evidently an excessive 
Liverpool. So strong been the set of opinion 
in favor of double line, that it led to the abandon- 


(Prepared expressly for Enaingerine News.) 
| 


| Railroad companies, construction companies 
| and projecters of numervus enterprises requiring 
| vast quantities of iron and steel have about com- 
Fe their estimates and formulated their plans 
| or 1882. There has been very little to interfere 
|with this preparatory work. Confidence in the 


provision for the wants of | P¢t™anence of the industrial prosperity has not 


| been weakened by unusual or unexpected occur- 
|rences. Capital is abundant, immigration con- 


ment of single line scheme, and the promotion of tinues and prospective possibilities are favorable. 


:|a new Act of Parliament for next session. 


The author then gave a description of the 
work, explained how the Stanley 


a 

ock was to ridged, and the Lancashire ork- 
do be bridged, and the La hire & York 
re 


Coal Railway got under, and how headway 
was provided under the line to take | pieces 
of machinery to the dock. He concluded with 
remarks on the general improvement to be ex- 
pected in Liverpool, and in the method of carry- 
ing on the shipping business as the result of the 

way when carried out, and touched on the 
alternative question of communication by tunnel 


along the docks, which he did not consider so | 


suitable a means of communication as the pro- 


interesting paper and for the manner in 
which he had presided over the meetin 
the year was carried by acclamation. 

dent then vacated the chair and Mr. F. Salmon, 


during 


M. I. and 8. Inst., the elected president for the 


ensuing session, took the chair and addressed the 


— He announced that the next meeting of 
the Society 


would take Jan. 18, 1882, when 
@ paper would be read Mr. H. F. Bellamy, on 
the Plymouth Co tion Water-Works. Votes 


of thanks to the officers of the Society for their 
during the past session concluded the 


services 





The first meeting of the eighth session of this engagements to their 


Pp 
—_ railway. A vote of thanks to Mr. Holt for 
is = 


he Presi- 


No unfavorable legislation is threatened. The 
volume of sound currency seems sufficient for all 
{probable requirements. The warnings which 
| have been sounded through the press were based, 
| not on specific evidence, but on general probabili- 
| ties as to over-investment and over-preduction, 
jand over-doing in general. Producing and 
|transportation interests are resolved that 
| they shall not be found guilty of short-sighted- 
/nessin the expansion of facilities to meet the 
|trushing requirement of consumers and ex- 
|changers. The closest investigation and inquiry 
fails to unearth any decline in activity in any of 
| the great avenues of activity. Railroad construc- 
| tion is being as vigorously prosecuted as weather 
|and supplies will admit. Differences of opinion 
exist as to the probable amount of railroad build- 
| ing that will be accomplished this year, but thus 
| far no facts are at hand to modify recent utter- 
For several weeks demand 


| ances on this subject. 
| has seemed to fali off in American mills, but the 
| falling off is due to their oversold condition and 
not to lack of demand. In fact, these milJs could 
accept business now or at any time, sufficient in 
volume to carry them far into 1°88. This might 
be done if steel rail manufactufers: had control 
of the sources of raw material, but as they 
are obliged to come into the open mar- 
|ket and bid against the world for mate- 
rial to fill contracts they are obli to limit 
robable ability to cover 


society was held on the 18th ult., at the Royal|them. In addition to this the activity in railroad 
Institution, Colquitt street, the President, Mr. F. | construction at home and abroad has not reached 


Salmon, M 


on 
Works.” 
The author, Air 
that the antiquity o 
to the town of Plymouth rend 


bird’s-eye view of the town, the 


tion of the district supplied with water bythe Ply. 


I. & S. Institution, in the chair. | a climax, and prices exhibit generally an upward 
After the usual business, Mr. H. F. Bellamy read a | tendency. 


Recently, however, steel rails have de- 


‘“‘The Plymouth Corporation Water- | clined, and offerings are made at mill of $55, for- 


eign at tide $56@$57, while Bessemer pig has sus- 


called attention to the fact | tained a sharp decline, under which an active de- 
the nt su: of water |mand has sprung up. These facts justify con- 

subject | clusions and inferences 
usually interesting, pointed out, on a 


ted weeks ago that 
material would decline eventually, and 
decline would stimulate enterprises and 
engineering work all over the country. Within 


railw: 
that the 





mouth Corporation, review in detail two weeks inquiries have been made at the lead- 
+++ the of the present source of y—passing | ing iron centers for large supplies of iron and sieel 
LIVERPOOL ENGINEERING SOCIETY. around of maps of town made | for spring, summer and fall delivery. 
—— d a of Henry VIL and Elizabeth, | Bridge work, pipe work, and railway construc- 
The Se SEE citing Sing tee betel the which are in the possession of the | tion requirements are the leading items. The 
the session, was on Wi y , | Marquis of , in the Hatfield Li . He! present indications are that a very large amount 
the 4th ult., Mr. A. Holt, M. Inst. C. E., | then showed that to A.D. 1590, thechief source | of work of this character will be placed. 
President, in the chair. After the election of of- | of su was from wells in the town, and that the! There have been rumors of fluctuating values, of 
ficers for the ensuing session and some other busi- a. os ee inadequate, ob- sharp advances, of heavy im but the 
ness, the President in his address gave a | tained an of brief extract of | bulk of these have no foundation. The 
paper on ‘‘ The ee eee ee ee ee Se, ee SOE Seeman to the | bridge works East and West are overcrowded, and 
Liven ae Mr. Holt remarked SeBengpeyaoenpnchne: 3 oon ey ag will soon have the opportunity presented of ex- 
Li was @ long, oneeided town, the river| Meavy, means of an open or “leat.” | tending engagements. The and tank mills 
and docks forming a continuous straight By extracts from ancient corporate ac-| have been refusing summer con’ and are 
on the west side, which transit count at eine © of the original eee contracts between 34¢c. 
ee teen veer dock comstivaces, plan for the constrection the ” he showed | for common to 5c, for flange iron. Customers are 
through no of their own, are very cost and mode of carrying out the work, and! soliciting an indefinite continuance of 
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ments. The recent course of pig-iron has created 


more or less uncertainty in the minds of manufac- 
turers as to what is really best to do. Contractors 
desire to know fixed prices: Crude iron is $2 per 
ton higher than when existing contract work was 
taken. This isa aes matter. A decline of $2 
is not an im ibility if a score or two of 
English ogni to oe unloaded here. Nesotoun 
any harm would follow because of the unusual 
foreign activity. Still there is some uncertainty, 
and it is the ay rene feature in the en- 
tire situation. e@ general tendency is to book 
orders subject to market fluctuations, but this 
method, while checking the upward tendency, 
has its defects. Production meanwhile is steadily 
increasing at furnaces and mills, while consump- 
tion is following closely on its heels. The great 


enterprises are not ta ing. alarm, and it is not | 
i 


probable that imaginary difficulties will be per- 
mitted to interfere with the carrying out of the 


large number of Pe jected works, larger than ever | 


engaged the skil 
nation, 
> +0 > Se  __——- 


FACTORS OF SAFETY.* 


BY ALBERT F. HILL, C. E. 


and energy and capital of the 


Recent structural failures of bridges, marine en- 
gines, boilers, etc., followed by ghastly reports of 
coroners’ inquests in the daily press, wa by more or 
less scientific discussions as to their causes in the 


technical — have lately brought the term | 


‘** factor of safety” prominently before the public. 

In the present general acceptation of the term 
the factor of safety expresses the ratio between 
calculated maximum strain and ultimate or break- 
ing strength of the material 7 in a given 
structure. For instance, wrought iron is conven- 
tionally assumed to have an ultimate tensile 


strength of 50,000 pounds per square inch; if the | 


greatest calculated stress upon it, in a given struc- 
ture, does not exceed 10,000 pounds per square inch 
ct its effective section, the iron is said to be used 
with a factor of safety of five, or in com- 
mon parlance, to be ‘‘five times as strong 
as the greatest load that can come upon 
it.” That this conclusion is an absolute fal- 
lacy, is well known to modern engineers, but its 


pernicious influence is hardly fully appreciated as | 


yet. It gives not only a very undesirable latitude 
to incompetent designers, but also encou un- 
scrupulous manufacturers to take large risks, es- 
pecially under the spur of close competition; it 
misleads that class of laymen who, either by 
their official position or as capitalists, are in- 


terested in the carrying out of public works; and | 


finally, it is to-day the fruitful source of disas- 
ters, brought about by unreasonable—one might 
almost be tempted to say brutal—tests of struc- 


tures. Take, for example, our so-called ‘‘hy- | 
draulic test” of steam boilers. A perfectly new | 


—or, for that matter, old—boiler pumped full 
of cold water under a pressure far in excess of 
any steam pressure it will ever have to 
bear! Is there any analogy. between | the 
test and the work required of the struc- 
ture ? And when this 


—and probable—amount of injury done to a pre- 
viously good and serviceable boiler? All we know 
is, that ‘‘recently inspected” boilers do most un- 
accountably burst. 
carried to the excess to which they are but for the 
fallacious idea of pur margins of safety. In the 
same unreasonable manner are bridges often over- 
tested; loads and shocks are applied to them far in 
excess of any which the traffic ever can or will 
bring upon them, and this before an opportunity 
was given the different parts to assume their 
working bearings. These excessive strains, while 


they do not cause immediate failure, do cause, in | 


many cases, permanent. and not easily discover- 
able injury, which only becomes apparent through 
some ‘* unaccountable ” failure. 

The responsibility for the fallacious conceptions 
of our margins of safety, or safety factors, rests 
mainly upon the inexact but hitherto <a 
method of ascertaining the ultimate or b in 
strength of materials, This method—employ 
by the earliest investigators—consisted in taking 
pieces of constructive materials of any re unit 
of section and breaking them by gradually in- 
creasing loads, Bars of iron, steel, wood, copper, 
ett., of given lengths and, let us say, of exactly 
1 sq. in. of section, were thus broken, and 
the average of the loads which caused rupture in 
the bars of the same material was then fixed upon 
as the ultimate or breaking strength of that ma- 
terial. It is self-evident that these results 
do not represent the ultimate or i 


f , breaking 
strength of the material, but simply the one: 


load which at a single application will produce 
rupture. A somewhat lesser load, applied several 


times in succession, would also have produced | 
rupture, a fact of which everybody is cognizant | 


and of which we avail ourselves instinctively 


when efideavoring to break a string or a stick, etc, 
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brilliant ex-| 
periment is finished, can anybody tell the possible | 
d 


ese tests would never be | 


ENGINEERING NEW 


If not successful in the first application ox 

lar force, the attempt is repeated until fraci. 
effected. The muscular force in these successive 
attempts not being increased, and the first force 
net not being equal to the breaking load, 
shows that a lesser load by sufficient repetition 
has at least produced rupture. This opens at once 
the question, what then is the ultimate strength 
of materials? 

Modern investigations and experiments, con- 
ducted with great care, improved testing machines, 
and covering a wider field of observations than 
| was formerly deemed necessary, have established 
the following facts, viz.: 

1. Successive increments of load put upon bars 


| of any constructive material will produce elonga- 


| tion of the bar. 

2. These elongations will be proportionate to the 
loads, and uniform for uniform increments of load 
up to a certain limit. 

3. Within this limit of load the bar, when re- 
jleased from its load, will return to its original 
length. 
| 4, When this limit is once exceeded and the bar 
| then released, it will not fully recover; a perma- 
nent elongation, called ‘‘ set,” will be found to 
| havé taken place. 
| §,. After permanent set has taken place, the 
| elongations become irregular, greater and ter 
| for equal successive increments of load, and every 
| successive load will also increase the amount of 
permanent set, until rupture finally takes place. 
| 6. Any load in excess of the one producing per- 
|manent set will ultimately produce rupture, if 
| sufficiently often repeated. The numberof repeti- 
| tions necessary to produce map ure decrease in = 
| portion to the increase of load, until finally a load 
'1s reached, the single application of which pro- 
duces rupture.* 


The point at which permanent set takes place 
has been designated as the limit of elasticity of 
the material ; but, in fact, the limit of elasticit 
isnot reached at that point at all, but lies invari- 

ably very near the breaking point, for after per- 
|manent set has taken place successive increments 
of loads, if removed, will still show partial re- 
| covery of length in the bar, though with a con- 
\stantly increasing set, until at last a point is 
reached where no recovery of length takes place—- 
now elasticity is destroyed or its limit reached—and 
' from that point on a comparatively very small force 
suffices to pull the barapart. The permanent set is 
therefore indicative of the point of ——— inj 
to the material, rather than of its limit of elasticity. 
| Having thus shown that what is at present called 
the breaking strength is as arbitrarily chosen and as 
meaningless a quantity as the zero point ofa 
Fahrenheit thermometer, and, therefore, almost 
worthless when used as the standard to which fac- 
tors of safety are to be referred, and having” 
further called attention to the fact that the term 
limit of elasticity is rather a misnomer, it is now 
| proposed to inquire whatinfluence would be exer- 
cised upon the prevalent ideas of 1nargins of safety, 
and consequent methods of proportioning struc- 
| tures, by a proper nomenclature expressive of the 
available strength of material to resist stress. 

Remembering that any load in excess of the one 
producing permanent set will, by sufficient repe- 
| titions, produce failure, it would seem pretty 
clearly indicated that the working usefulness of 
the material is limited by the load at which set 
takes place. This being the case, we may sree 
say that the load under which nent set first 
t place is the ee ie of the ultimate work- 
‘ing or safe strength of the material. This safe 
strength differs in ratio to the so-called breaking 
‘strength in different materials, varying in 
‘amount from 30 per cent. to 60 per cent. 
lof the latter. For example, in w t 
iron it will be found that permanent set es 
ip at from 25,000 to 28, nds per square 

inch of section, thus reducing the: supposed safe 
factor about one-half. It is true that this is amp 
for most cases, and even more than is necessary in 
‘some. What, then, ~ be asked, is gained by 
the proposed change? If nothing else, the true 
margin of safety is substituted for a false one, and 
with this, in many cases perhaps, the temptation 
removed to ulate, as it were, upon fictitious 
assets. But that this is not the only gain is easy of 
demonstration. A full appreciation of the true 
safe strength of the material cannot fail to call 
outa closer inquiry into the proper functions of 
safety factors—i.e., what they are intended to 
cover, and what they never meant to cover. 

There is no denying the fact that even at the 
present day there is in many minds a e idea 
that safety factors are a sort of mechani 
intended to cover a multitude of sins, 

‘omission and commission. In this may be found 
the reason for the deliberate overloading of many 


* These phenomena of tensile hold good also ina 

way in reference to com % shear- 

} and torsional resistance. eee observations 
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years ago for the of loco- 
3B rolling stock such as were in use: 
i «~ since then the concentrated leads on drivers, 
= rolling stock and traffic have nearly 
doubled, yet such bridges are left in use to-day 
without any attempt at properly strengthening 
them for increased loads. Not but 
eo of the true margin of is 
chargeal with this neglect. For the same 
reason, tedious and sometimes difficult calcula- 
tions of details and connections are often neglected 
in the first by designers; ‘‘ common practice” 
is blindJy followed, without investigation as to 
whether it is properly ee the case in 
point, and any q of donscience are stilled 
with the answer, *‘ Our factor of safety is suffi- 
cient.” Manufacturers will use material not in 
accordance with specifications, and console them- 
selves, and the i r also, with the assurance 
that the safety factor is meant to cover just such 
deficiencies. Add to this the necessarily more or 
less imperfect workmanship—for structures like 
bridges, engines, boilers, etc., cannot be put to- 
gether with the nicety to be found in an astronom- 
ical instrument—and it will be seen how easy it is 
to overburden the safe —— Call it dealing in 
truisms to repeat here that the weakest point of a 
structure is the exponent of its strength, yet it 
will be safe to assert that this old maxim has not 
been quite as often uttered as it has been over- 
looked and disregarded. 

If full and proper weight is given to the fact 
that the point of permanent set is the limit of the 
working capacity of the material, no matter how 
much more force may be uired to produce - @ 
ture after that point is saline. and also that with- 
in that limit lies — safety, it cannot but lead 
to more rational methods dimensioning than 
are at present generally adopted. With. it will 
come a better understanding of the difference 
in the effects of live and dead loads, and 
co uently, methods of dimensioning of 
the different parts of a structure in ac- 
cordance not only with the amount of 
combined dead and live load, but also in 
accordance with the ratio between the dead 
and live loads they are meant to resist. This in 
turn must lead to the avoidance of superfluous 
weight—always detrimental to any structure—a 
more carefulconcentration of material along the line 
of strains, the better strengthening of details— 
especially connections—proper modification of 
shapes and dimensions in those particularly 
subject to shock, and last, but not least a proper 
taking into account of the facilities of the manu- 
facturer, which determine in a large measure the 
character of workmanship, and ought to influence 
the adoption of a lesser or greater margin of 
safety. 

Our representative bridge works and machine 
shops have, more or less, for some time past adopt- 
ed improved methods of proportioning and dimen- 
sioning, and are sonnei Suenree and 
improving, but it must, on hand, be ad- 
mitted t their number is limited and the 
amount of work turned out by them small in com- 
parison to the immense production of structural 
work going on all over this country. 

Factors of safety will always be needed and 
therefore will always be ded in construction. 
But because we cannot, for instance, always pro- 
vide against the menal effects of hurricanes 
and tornadoes is no reason why perneens cal- 
culable wind pressures should be left out of con- 

and be vaguely saddled u on the safety 
material, however care- 
and manufactured, will 
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